The lymphocyte transformation test (LTT) was used to elucidate whether certain side effects induced by radiographic contrast media havc an immunologic etiology. Groups studicd were: 8 patients who had previously experienced adverse reactions in association with urography, 6 patients who underwent urography without notable side reactions, I7 occupationally exposed nurses, and 9 unexposed controls. The lymphocytes from 2 hypersensitive patients and from I 1 nurses exhibited a positive proliferative response to amidotrizoate. Five nurses who had shown a positive response, had a previous history of hypersensitivity reactions when handling contrast media, whereas the remaining 6 were free of symptoms. Amidotrizoatespecific memory cells were absent in patients who underwent urography without signs of hypersensitivity and in 7/9 of unexposed control subjects. Lymphocytes from patients sensitive to amidotrizoatc cross-reacted to structurally related ionic contrast media while nonionic contrast agents did not induce proliferation of the lymphocytes. Thus, ionic radiographic contrast agents have antigenic properties in man. Irradiated mixtures of radiographic contrast media and serum proteins were, in general, not effective in inducing an LTT response.
Various side effects have been associated with the clinical use of radiographic contrast media ( I , 2, 9, 1 I , 12). Clinical surveys show that the incidence of mild reactions including flushing, nausea, and headache is considerable. More severe side effects, such as asthma or anaphylactoid reactions, are rare, but the problem is sufficiently serious to be of concern (1 I). The introduction of "low osmolality" radiographic contrast media (non-ionic agents like iohexol, iopamidol, and ioxaglate) has considerably reduced the incidence of side effects (8). However, the significantly higher costs associated with the use of the latter category of compounds, as well as the fact that a majority of patients d o not react adversely towards ionic contrast media, has resulted in a continued wide-scale use of conventional products in many clinics. The lack of reliable predictive tests for detecting hypersensitivity (9, 10, 12) introduces an element of uncertainty when attempting to select the most appropriate type of contrast medium for each patient.
Side effects induced by radiographic contrast media have a complex etiology, and several pathogenic mechanisms have been suggested (1 I). Since many of these adverse reactions resemble allergic manifestations, an immunologic mechanism has been proposed by some authors (6, 11). Iodine, linked to proteins, constitutes a powerful antigenic determinant (3, 14) . In a previous publication, the in vitro and in vivo formation of iodinated serum proteins following gamma irradiation in the presence of two commonly used radiographic contrast media was demonstrated (18). On the basis of these results it was suggested that radiographic contrast agents may serve as antigens which indirectly could trigger an allergic cross reaction in certain individuals previously sensitized to structurally similar iodo-proteins. An immunologic response to an antigen implicates the presence of specific memory lymphocytes in the blood of sensitized individuals. In vitro proliferation of memory cells induced by a specific antigen constitutes the basis of the lymphocyte transformation test (LTT). This methodology has previously proved to be a useful tool for the elucidation of the etiology of hypersensitivity reactions in occupationally exposed workers employed in the pharmaceutical industry (21, 23, 24) as well as for the discrimination between irritative responses and immunologically mediated reactions to isothiazolone based bactericidal agents (22) . In the present investiAccepted for publication 22 April 1990. gation, the lymphocyte responses to various radiographic contrast media have been studied in patients as well as in occupationally exposed nurses. Immunologic cross reactions to iodinated serum proteins, formed upon irradiation as well as by chemical methods in vitro, were also investigated.
Material and Methods
Patients and control subjects. The clinical characteristics of 8 patients who had experienced various hypersensitive reactions in the past following the intravenous injection of amidotrizoate are shown in Table 1 . Similar data are given in Table 2 for 17 nurses employed in the radiologic clinic of Danderyds Sjukhus who had been occupationally exposed to various ionic and non-ionic contrast media for up to 30 years. In this clinic iohexol has been the only non-ionic radiographic contrast medium used. Some of the nurses experienced hypersensitivity reactions including rhinitis, conjunctivitis, and urticaria while handling these agents. Patients who had undergone urography without noticeable side reactions (6 patients) as well as laboratory personnel without previous exposure to radiographic contrast media (9 persons) were also studied.
Lymphocyte transjbrmation test ( L T T ) .
LTT was performed as described previously (21, 24) with minor modifications. In brief, 50 to 70 ml venous blood was collected in vacutainer tubes (Venoject; Mediplast AB. Stockholm. Sweden). The blood samples were immediately transferred to sterile Erlenmeyer flasks containing glass beads and defibrinated by shaking for 10 min. A 30 percent aliquot of the total blood volume was transferred to a Ficoll-Isopaque gradient (Pharmacia Fine Chemicals, Uppsala, Sweden) and centrifuged to obtain lymphocytes and monocytes (5). The remaining 70 percent of the defibrinated blood was diluted 1 : 1 with RPMI 1 640 medium and depleted of monocytes by treatment with carbonyl iron ( G A F carbonyl iron, G A F Corp., N.Y.. USA). After a 30 min incubation at 37°C with occasional stirring, the iron-phagocyting cells were retained by means of a magnet whereas the monocyte-depleted blood was separated on a Ficoll-Isopaque gradient. After separation, both cell fractions were combined and the cells washed and diluted in RMPI 1640 medium containing 10 mmol of N'-2-hydroxyethyl-piperazine-N'-2-ethanesulfonic acid and 1 g of NaHCO, per liter. The medium was supplemented with gentamycin (Garamycina; Schering Corp.. Kenilworth, NJ, USA), glutamine, and 10 per cent heat inactivated human AB + serum. A lymphocyte suspension (10' cells/ml) was incubated with a wide range of concentrations of radiographic contrast medium, or with dialyzed protein conjugates prepared as described below. The total culture volume was 2 ml. Pokeweed mitogen (PWM; Gibco, Grand Island, N.Y., USA) at a concentration of 1 pg/ml and/or PPD (purified protein derivative, Statens Seruminstitutt. Copenhagen, Denmark) at a concentration of 5 pg/ml was used as a positive control of lymphocyte proliferation (the majority of the adult population in Sweden has been Morphologic observations. The proliferative responses in 5-day cultures were evaluated by counting of lymphoblasts on cell smears as described previously (24). These evaluations were always performed by one and the same researcher and were always performed before the radioisotope analysis of lymphocyte proliferation.
Evaluation of'LTi7
The results of LTT were considered positive only if the mean cpm of antigen-treated cultures was more than twice the mean cpm of control cultures (SI > 2), and if the antigen-treated cultures contained twice as many lymphoblasts as the control cultures.
Preparation of iodinated serum proteins. An aqueous soluculture.
cpm in control culture.
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For personal use only. tion containing 14 mg I/ml as amidotrizoate or iohexol was irradiated in presence of 0.7 mg human gammaglobulin per ml with a dose of 1 or 0.2 Gy using a 60Co Picker source, Hot-Pot-type, delivering about 1 Gy of gamma rays per second. A solution of human gamma globulin without radiographic contrast medium served as control. Dialysis of the irradiated solutions for 8 hours was repeated three times in a large volume of 0.9% of NaC1. Iodination of protein was also performed in a solution of the same composition (amidotrizoate) in the presence of 0.1 m M hydrogen peroxide and 0.2 m M ferrous sulfate.
Results
Previously exposedpatients. The resuits of the lymphocyte proliferation assays in patients who had previously experienced various hypersensitivity reactions upon injection of amidotrizoate are presented in Table 3 . Of 8 patients, only the lymphocytes from 2 patients, DR17 and DR25, exhibited a clear positive reaction to amidotrizoate in the LTT. Lymphocytes from patient D R 3 showed only a weak proliferative response (SI = 2.2 with a 3-fold increase in the number of lymphoblasts). By contrast, a significant LTT reaction to iohexol did not occur in any of the patients tested. Patient DR25 underwent 10 consecutive urographies with amidotrizoate during 1976 to 1983, and on several of these occasions experienced Quincke's edema and urticaria. Also, patient DR17 experienced an anaphylactic reaction which required immediate cortisone treatment in association with urography in 1978. After injection of only 3 ml of amidotrizoate, there was a sharp fall in blood pressure accompanied by dyspnea; vomiting occurred and Quincke's edema of the throat and legs developed. Except for allergy to cats, this male patient had no previous history of hypersensitivity. As demonstrated for patient DRl7, the response of sensitive lymphocytes to amidotrizoate was dose-dependent up to a maximum concentration (Fig. I) . However, the cytotoxic dose where inhibition of thymidine incorporation occurs was not attained in this experiment. For comparison, the lack of response exhibited by lymphocytes derived from patient D R 18, who underwent uneventful urography, is shown in the same figure. The LTT responses from the other 6 patients without side effects associated with amidotrizoate urography were likewise negative ( Table 4) .
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E-xposed nurses.
Several nurses employed at the radiologic clinic at Danderyds Sjukhus had complained of hypersensitivity reactions associated with the handling of radiographic contrast media. In order to further explore the antigenic potential of these agents, we have studied the lymphocyte responses of 17 exposed nurses in this clinic. Table 5 summarizes the data obtained for amidotrizoate and iohexol. Eleven of the 17 nurses exhibited a positive LTT response to amidotrizoate, but none reacted to iohexol. Selected individual responses are shown in Fig. 2 as well as in Table 6 . Lymphocytes from 2 amidotrizoate sensitive nurses (DR32 in Fig. 2 ; DR35 in Table 6 ) cross-reacted with the structurally closely related metrizoic acid and iothalamate. By contrast, no proliferation was obtained with the non-ionic agents iohexol, iopamidol or iopromide.
Unexposed controls. In Table 7 the LTT responses to amidotrizoate as well as to inorganic iodine are presented for healthy, unexposed individuals. The lymphocytes of 2 individuals (TL31, TL49). who had never been exposed to radiographic contrast media, responded to amidotrizoate. This raised the possibility of cross sensitization with respect to other iodine containing compounds. In addition, lymphocytes from several tested individuals gave a positive response to potassium iodide.
Antigenicity qf iodo-proleins. The possibility that iodinated serum proteins formed by irradiation of iodinated contrast media was also investigated. However, a mixture of amidotrizoate and HSA irradiated with 1 Gy x-rays failed to elicit a proliferative response in lymphocytes from several patients whose lymphocytes responded to amidotrizoate (e.g. DR17, who had suffered from an anaphylactic reaction). However, in a few cases with a positive LTT reaction to amidotrizoate, proliferation occurred, but stimulation by the irradiated material was less than the response induced by amidotrizoate alone. Alternatively. iodinated protein mixtures were prepared by generating hydroxyl radicals with Fenton's reagent (hydrogen peroxide/ferrous iron) in an amidotrizoate/HSA solution. Again, the products formed were less active than the pure radiographic contrast medium (results not shown).
Lymphocyte proliferation induced bv inorganic iodine. To investigate whether the proliferation induced in the lymphocytes from some patients by radiographic contrast media could be due to traces of inorganic iodine present in the commercial preparations, the LTT was also performed in the presence of potassium iodide. As shown in Tables 3, 4 and 5, there was no obvious correlation between the responses induced by contrast medium and those caused by iodide.
Discussion
In the present investigation, we have shown that ionic radiographic contrast media, such as amidotrizoate and metrizoate, possess antigenic properties. For instance. lymphocytes from 2 out of 8 sensitive patients, as well as lymphocytes from all but one nurse with subjective hypersensitivity reactions, were positive to amidotrizoate in the LTT. In contrast to this finding, similar reactions did not occur with iohexol or with the other non-ionic contrast media tested. These results obtained in vitro are in agreement with general clinical experience (8). The fact that the Table 6 Lymphocyte proliferation in response to 6 diffirent radiologic contrast media in an occupationally e.\-posed nurse ( The present study further demonstrates, that occupational exposure to ionic contrast media may result in sensitization, and that cross reactions between the structur- Table 7 In vitro lymphocyte prolijieration responses to amidotrizoate, potassium iodide, and to tuberculin in control subjects not previously exposed t o amidotrizoate ally closely related amidotrizoate and metrizoate may occur. The fact that 5 nurses experienced subjective symptoms of hypersensitivity while handling radiographic contrast media, as well as the high incidence of positive LTT responses to amidotrizoate in this occupationally exposed group, gives further evidence of the antigenic potential of this type of iodinated compounds. The positive LTT response obtained in 2 individuals who had not been previously exposed to these agents, may be interpreted as cross sensitization involving previous contact with structurally similar antigens in the patient's environment. Similar findings as to the occurrence of positive LTT reactions to radiographic contrast media in previously unexposed individuals have been reported by GIRARD & GAMBA (1 I). Since hypersensitivity towards inorganic iodine was not present in any of the patients studied, the significance of the positive LTT reactions to inorganic iodide found in individuals sensitive to amidotrizoate as well as in controls remains obscure. There was no obvious correlation between the responses induced by contrast medium and those caused by iodide. It has been shown, that many adverse reactions to radiographic contrast media resemble IgE-mediated allergic manifestations (6, 1 I). Further, patients who have previously experienced side effects from such agents are at greater risk for severe reaction upon repeated exposure than individuals who have undergone uneventful radiography ( 2 , 19). In some published clinical reports it appears that an allergic etiology has been involved (1 6). Positive (4, 6, 13, 16, 25, 26) as well as negative (7, 15, 27) results from attempts to identify antibodies specific for iodinated contrast media have been published. In a short communication SWEENEY & KLOTZ (25) identified IgE antibodies in 11 out of 26 patients with a positive clinical history of adverse reactions to radiographic contrast media and in 5 out of 5 patients with an immediate positive clinical reaction. SIECLE et al. (20) have recently been able to induce the formation of polyclonal and monoclonal antibodies with diatrizoate coupled to albumin in rabbits and mice. The direct release of histamine has been advanced as an alternative hypothesis
We have previously proposed, that antigenic iodo-proteins formed during radiography may play a role in eliciting hypersensitivity reactions in previously sensitized individuals (18). Although such a mechanism cannot be excluded in the case of certain rare and unpredictable reactions, this hypothesis is not supported by the present data.
(17).
Conclusion.
The LTT technique may under certain conditions be used as a diagnostic tool for the screening of immune reactions to radiographic contrast media. The significance of amidotrizoate specific lymphocytes seen in some exposed but symptom-free persons remains to be elucidated.
